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Lambda Phage Regulatory
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The Switch That Remembers
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In which a virus, folded into the very chromosome of the cell it has entered, holds
itself in one of two remembered states — asleep, or awake — each keeping itself

alive for a hundred generations, until a threat to the host’s own address throws the
switch and the sleeper escapes.

Tau (Τ) is the living fabric of time itself — the sole substance of which all physical reality is
composed. Every particle, force, wavelength, and conscious experience is a structured
configuration of Τ-flow. There is no gravity, no electromagnetic force, no strong nuclear
force as separate entities: all are registers of the single Τ-field operating across dimensional
levels. The conservation law dΣΤ=0 governs all change: Τ is never created or destroyed,
only redistributed.

Introduction — Through the Force of Time

The chapter that follows is, in the conventional telling, the genetic circuitry of
bacteriophage lambda — the bistable switch that chooses between lysis and lysogeny.
Read through the Universal Force of Time, it is the field teaching a single address to
carry a bit of memory: two stable states, each holding itself open, and a controlled flip
between them tied to the host’s own integrity.

Every switch in the chapters before this one had to be held by the hand that threw it
— a repressor on the DNA, an activator, a self-folding message. Lambda shows the thing
those switches could not do: it remembers. On infecting a bacterium the virus chooses
one of two lives — lytic, making about a hundred copies and bursting the cell; or
lysogenic, folding its DNA into the host chromosome and sleeping there, inherited by
every descendant — and, having chosen, it keeps the choice for a hundred generations.

The mechanism is a small masterpiece. At one short operator, three sites side by side,
two proteins compete: the repressor CI, which holds the sleep, and Cro, which drives the
kill. They bind the same three sites, but in opposite order and to opposite effect. And CI
does the decisive thing — it switches on the very promoter that makes CI. The repressor
builds itself. That positive feedback is what turns a switch into a latch: whichever protein
wins the operator makes more of itself, digs its own valley deeper, and the state persists
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with no hand holding it. Only a definite trigger throws it — damage to the host’s DNA
activates RecA, which cuts CI, empties the operator, and flips the virus to escape.

Here is the reading this book gives it. A repressor that activates its own synthesis is a
fixed point — an address holding its own gate open — and that, in the Force of Time, is
exactly what memory is: not a mark set down and read later, but a coordinate that
sustains its own readout, moment by moment, so that the state acts to persist. The two
stable lives are two allowed coordinates, quantised out of a continuous world; the flip
between them is a reversible operation, foreshadowed in the self-complementary
twelve-base ends that let the genome close and reopen; and the trigger reads the
Τ-integrity of the host. Lambda is the molecular ancestor of choice — the first place the
field is caught teaching one thread of matter to hold a bit and defend it.

Carry this into the chapter: lambda is a Τ-address that can rest in either of two stable,
self-remembering states and flip between them on a definite signal tied to the host’s
integrity. Memory is an address holding its own gate open; a decision is a coordinate
settling into one of two allowed states and keeping it. Every switch to come — and the
grand switches that build a body or fire a thought — is this one, multiplied.

SECTION 14.1

The Switch That Remembers
Every chapter so far has shown a gene turned on or off — a repressor laid across the
DNA, an activator easing it open, a message that folds itself to a halt. In each case
the switch, once thrown, must be held by whatever threw it; take the hand away and
the gene drifts back. This chapter shows something a living thing cannot do without
and which none of those switches quite managed: a switch that remembers. Not a
control held by an outside hand, but a state that keeps itself — set once, and
maintained thereafter for a hundred generations by nothing but its own action. It is
the difference between holding a door shut and fitting it with a latch. And the
molecule that first showed biologists how a latch is built is not a cell at all, but a
virus: the bacterial virus called lambda.

Lambda is small — a coat of protein around a thread of DNA of forty-eight thousand
five hundred and two letters — and it makes its living by infecting the gut bacterium
Escherichia coli. But it does something no simple poison does. On entering a cell it faces
a choice, and it can settle that choice in either of two ways, and having settled it, it
keeps the answer. One virus, two possible lives, each self-remembering. In the reading
of this book, lambda is the cleanest thing in all of biology: a single Τ-address that can
rest in either of two stable states and flip between them on a definite signal. It is a
coordinate carrying one bit of memory — and, as we shall see, the molecular ancestor of
every decision a living node ever makes.
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SECTION 14.2

Two Lives of One Virus
Consider the moment of infection. Lambda’s thread of DNA is injected into the
bacterium, and now the virus must, in effect, decide what kind of life to lead. The
first road is the one we expect of a virus, and it is called lytic: seize the cell’s
machinery, copy the viral DNA perhaps a hundred times over, wrap each copy in a
fresh protein coat, and then split the cell open — lyse it — releasing a hundred new
viruses to find a hundred new hosts. It is fast, it is violent, and it kills. The second
road could not be more different, and it is called lysogenic: rather than seize and
destroy, the virus quietly folds its own DNA into the host’s chromosome, shuts
almost all of its own genes off, and simply rides along. The bacterium lives, divides,
and every daughter cell inherits the sleeping virus tucked into its genome, copied
faithfully with the rest.

Figure 14.1.  One virus, two lives. On infection lambda takes one of two roads. Lytic: make about a
hundred copies and burst the cell. Lysogenic: fold its DNA into the host chromosome, silence itself, and be

inherited by every descendant. The choice, once made, is remembered.

A sleeping lambda — a virus integrated and silent within a living cell — is called a
prophage, and the cell that carries it a lysogen. The remarkable thing about the lysogen
is its steadiness. A cell can carry a prophage through generation after generation,
thousands of divisions, and the virus stays asleep, losing itself only about once in a
million doublings. Yet the sleep is not death and not permanence: it can be broken.
Should the right alarm sound, the sleeping virus wakes, cuts itself back out of the
chromosome, and switches over to the lytic road — abandoning the host it can no longer
trust. Two stable lives and a controlled passage between them: that is the whole of
lambda, and the question this chapter answers is how a thread of DNA holds a state and
remembers it.
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SECTION 14.3

The Ends That Close the Circle
Before the decision, one small piece of geometry, because it is the first sign of how
deliberately this genome is built for reversibility. In the virus particle lambda’s DNA
is a straight line. The moment it enters the cell it closes into a ring. It can do this
because of the way its two ends are cut: each end carries a short single-stranded
overhang exactly twelve letters long, and the twelve letters at one end are the
precise complements of the twelve at the other. The ends are made to find each
other. Loose in the line, they pair — base to base, the way the two strands of any
double helix pair — and the thread becomes a closed circle, its join sealed by the
cell’s own repair enzymes. These matching ends are called cos, for cohesive.

Figure 14.2.  The twelve-base ends. Lambda’s DNA is linear in the particle, with single-stranded
overhangs of twelve complementary letters at each end (the cos ends). In the cell the two ends pair and

the line closes into a ring — a reversible operation the genome is built to run and to run backward.

It is worth pausing on what those twelve letters are. They are a small palindrome of
ends: one end reads as the mirror-complement of the other, so that the molecule can fold
its two extremities together like two hands clasping. In the reading of this book that is a
marked thing, not a mere convenience of packaging. Reversible, self-complementary
pairing — a structure whose forward reaction (line to ring) has a clean reverse (ring to
line) — is exactly the signature the Force of Time reads as a conserved, invertible
operation of the field. The genome does not merely happen to circularise; it is built with
matched ends so that closing and opening are the two directions of a single reaction. We
will meet the theme again when the sleeping virus must cut itself back out: integration
and excision, in a later chapter, are the forward and reverse of one reversible reaction,
foreshadowed here in twelve pairs of letters.
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SECTION 14.4

Three Genes for a Long Sleep
Now to the sleep itself, and to the first clue that the lysogen’s steadiness is an active
thing, not a passive one. When lambda lies dormant in the chromosome, nearly all of
its fifty-odd genes are switched hard off; the virus is, for the most part, a silent
passenger. But not entirely silent. To hold the sleep, the prophage keeps just a
handful of genes running — in essence, three — and the chief of them makes a single
protein whose whole business is to keep all the other viral genes shut. That protein
is the lambda repressor, written CI. A lysogen is not a virus that has fallen quiet and
stayed quiet by inertia. It is a virus actively pressing its own off-switch, every
moment, with a protein it never stops making.

Three genes to hold a state; one protein to enforce it. The economy is striking, and in
this book’s terms it is not an accident of number. Three — the smallest of the odd lattice
primes, the number that clamps the strong base pair and folds the sheet of a protein —
appears here as the minimal self-sustaining configuration of a dormant address: the
fewest moving parts that can keep a coordinate asleep and still awake enough to defend
its own sleep. The maintenance address of lambda is a prime-three machine. Everything
else the virus can do — the hundred copies, the burst cell, the whole lytic armoury — sits
behind that one repressor, waiting, held shut by three genes that never quite stop.

SECTION 14.5

One Operator, Two Suitors
To see how the switch is thrown we must look at one short stretch of the lambda
DNA, no more than a few dozen letters, where the whole decision is made. It is
called the right operator, OR, and it is not one binding site but three, laid side by
side: OR1, OR2, and OR3. Two promoters face each other across this little region —
one, pRM, that drives the making of the repressor CI, and another, pR, that drives
the making of the opposing protein, Cro. And here is the crux: CI and Cro both bind
the very same three sites, but they bind them in opposite order and to opposite
effect. It is one keyhole courted by two suitors, each turning the key the other way.
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Figure 14.3.  One operator, two suitors. The three sites OR1, OR2, OR3 sit between the promoters pRM
(repressor) and pR (Cro). CI fills them from OR1 first, switching on its own promoter pRM; Cro fills them

from OR3 first, shutting the repressor off. Same three sites, opposite order, opposite fate.

Follow the repressor first. CI binds OR1 most readily, and having sat there it helps a
second CI settle on the neighbouring OR2 — the two bind cooperatively, each steadying
the other. With OR1 and OR2 occupied, two things happen at once. The promoter pR,
which would make Cro, is blocked: the lytic road is shut. And the promoter pRM, which
makes CI itself, is switched on: the repressor turns up its own production. Now follow
Cro, the challenger. Cro binds the same three sites but prefers OR3 first — the opposite
end — and settling there it shuts off pRM, choking the supply of CI, and leaves pR free to
pour out more Cro. The two proteins are mirror images in their action: whichever gains
the operator first tilts the whole region toward making more of itself and less of its rival.
The operator is a contested gate, and the contest has only two stable outcomes.

SECTION 14.6

A Repressor That Builds Itself
Dwell on the single most important feature of that arrangement, because it is what
turns a switch into a memory. When CI occupies the operator, it does not merely
block its rival; it switches on the promoter that makes CI. The repressor activates its
own synthesis. Read that again slowly, for it is the whole trick: the protein that holds
the sleep reaches back and orders more of itself to be made. As long as there is CI
on the operator, more CI is produced; and the more CI is produced, the more firmly
the operator is held. It is a loop that feeds itself — positive feedback, the engineer
would say — and a loop that feeds itself does not need to be held from outside. It
holds itself.
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Figure 14.4.  The repressor that builds itself. CI, bound at OR2, switches on pRM — the promoter that
makes CI. The protein orders more of itself. This self-activation is positive feedback: a state that, once

entered, sustains its own maintenance for generations.

In the reading of this book, a repressor that activates its own synthesis is a fixed point
— the exact signature of a stable node. The coordinate feeds Τ back to keep itself
expressed; the address holds its own gate open. This is what memory is, in the Force of
Time: not a mark written somewhere and read later, but an address maintaining its own
readout, moment by moment, so that the state persists because the state acts to persist.
The lysogen remembers it is a lysogen for the plainest of reasons — because the protein
that makes it a lysogen keeps making itself. Take away the loop and the sleep would fade
in a generation. Because of the loop, it lasts a hundred. A living node, if it is to endure at
all, must do precisely this: hold its own coordinate open against the drift of time.
Lambda shows the mechanism in its barest form.

KEY IDEA

Lambda’s switch is bistable and self-remembering. At one small operator, the
repressor CI and its rival Cro bind the same three sites in opposite order and to
opposite effect. Whichever wins tilts the region toward making more of itself: CI
switches on its own promoter (positive feedback) and holds the lytic genes shut — the
lysogenic, sleeping state; Cro shuts CI off and drives the lytic, bursting state. Because
the winner sustains its own production, the cell remembers which state it is in for
many generations. In this book: memory is an address holding its own gate open — a
fixed point of the field.
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SECTION 14.7

A Flip-Flop, Not a Dial
Step back and see the shape of the whole thing, because it is a shape this book has
met before in other guises. The lambda switch is not a dial that can be set anywhere
between off and on. It has exactly two resting places: CI in command, the virus
asleep; or Cro in command, the virus awake and killing. There is no stable state in
between. Push the system a little way from either resting place and it slides back to
where it was; push it hard enough, past a threshold, and it flips all the way to the
other and stays there. Engineers know this object well and call it a flip-flop — the
elementary unit of memory in every computer built. Biology invented it first, in a
virus, perhaps three billion years ago.

Figure 14.5.  A flip-flop, not a dial. The switch has two stable resting states — CI-dominated lysogeny and
Cro-dominated lysis — separated by a barrier. Each state sustains itself; small disturbances decay, but a

large enough push flips the system across to the other well, where it stays.

Picture the two states as two valleys with a ridge between them, and the condition of
the virus as a ball resting in one valley or the other. Left alone, the ball stays put; the
valley holds it. Only a shove large enough to carry it over the ridge will move it to the far
valley — and once there, it settles again, held as firmly as before. In this book that
ridge-and-valley picture is not a metaphor borrowed from physics but the same principle
that runs through the whole theory: a continuous world is read out into discrete, allowed
states. A protein does not fold a little; it drops into one of a few defined wells. A spectral
line does not shade; it stands at a lattice address. And a virus does not lie half-asleep; it
is a lysogen or it is lytic, quantised into one of two coordinates, with the winning
regulator’s own feedback digging the valley deeper. The greyscale of the world — every
gradation of protein level — is answered in the binary of the lattice.
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SECTION 14.8

The Alarm That Wakes the Sleeper
A latch that could never be released would be a poor design, and lambda’s is not.
The sleep can be broken, and the trigger that breaks it is the most telling part of the
whole story. The signal is not hunger, not crowding, not temperature. The signal is
damage to the host’s own DNA. When the bacterium’s chromosome is being harmed
— by radiation, by a chemical assault, by anything that breaks the strands — the cell
mounts an emergency response, and at the heart of that response is a protein we
have already met in this book: RecA, the sensor of damaged DNA from the chapter
on replication. Activated by the wreckage, RecA does something precise and fatal to
the sleep. It provokes the lambda repressor CI to cut itself in two. With CI cleaved,
the operator falls empty; Cro rushes in; the flip-flop tips; and the sleeping virus
wakes to the lytic road and escapes.

Figure 14.6.  The alarm that throws the switch. Damage to the host’s DNA activates RecA — the same
protein that senses damage in Chapter 3. Activated RecA provokes CI to cleave itself; the operator

empties, Cro takes over, and the switch flips to lysis. The sleeper abandons a failing host.

Read what the virus is actually doing, for it is a small piece of field-level cunning.
Lambda has wired its escape not to any measure of its own advantage, but to the
integrity of the host. While the cell is sound — its chromosome whole, its address intact
— the virus stays asleep, a quiet passenger content to be copied along with a healthy
genome. The moment the host’s DNA begins to fail, the virus reads that failure through
the very machinery the cell uses to sense it, and changes strategy: abandon ship. In the
reading of this book, the prophage is running a survival computation on the Τ-integrity of
the address it inhabits. Dormancy while the registry is sound; escape when it is
breaking. And note the deep economy of it: the same protein that guards the fidelity of
replication is the one that throws the viral switch — one damage-sensor, serving both
the cell’s repair and the virus’s flight.
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WORKED EXAMPLE  ·  throwing the switch, both ways

Treat the operator as a one-bit memory with two inputs. Set (make a lysogen). CI,
present, binds OR1–OR2 cooperatively → pR (Cro) blocked, pRM (CI) switched ON →
CI makes more CI → state latches to LYSOGENY and holds for ~generations, losing
itself only about once in 106 doublings. Reset (induction). Host DNA damaged → RecA
activated → CI cleaves itself → operator empties → Cro binds OR3 first, shuts pRM →
CI supply collapses → state flips to LYSIS, ~100 phage made, cell bursts. One
operator, two suitors, two stable states, and a definite trigger tied to the host’s
integrity — a latch with a deliberate release.

SECTION 14.9

Memory Without a Mind
It is worth saying plainly what is astonishing here, because familiarity can blunt it. A
thread of DNA, with no brain, no nerves, nothing we would call a mind, holds a
memory — a single bit, asleep or awake — and holds it faithfully across a hundred
cell divisions, and can be made to change it on a defined signal and then hold the
new value just as faithfully. Everything a memory must do, this molecule does: it can
be set, it can be read, it persists, and it can be reset. And it does all of this with a
handful of proteins and one contested stretch of DNA a few dozen letters long.

This book has argued from its first page that the genome is a Τ-address registry — the
coordinate system that locates a living thing in the field. Lambda shows that a
coordinate in that registry can carry, and keep, a value of its own. Memory, on this
reading, is not a special faculty that arrived late with brains; it is a property the field has
wherever an address is made to sustain its own readout. The lambda repressor building
itself is the same act, in miniature, as a neuron holding a pattern, or a cell in your body
remembering that it is a liver cell and not a bone cell, division after division. All of them
are addresses holding their own gates open. The virus simply shows the trick stripped to
its irreducible core: positive feedback on a single coordinate, and a barrier high enough
that time cannot jog it loose. Memory without a mind — because memory was never a
property of minds, but of the field learning to hold a value.

SECTION 14.10

Reversible by Design
Return, now that we have seen the switch, to those twelve-letter ends, because they
belong to the same idea and the chapter is not whole without them. Lambda’s life is
a life of reversible operations. Its genome closes from a line into a ring and, when
the time comes, opens back into a line. Its DNA folds into the host chromosome and,
on induction, cuts cleanly back out. Its switch flips one way and can flip the other. At
every level the virus is built not for a one-way journey but for a passage that can be
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run in both directions — and the matched, self-complementary cos ends are the
plainest emblem of it, a structure whose whole purpose is to make a reaction and its
reverse equally available.

In the Force of Time this reversibility is not incidental. The theory holds that
operations built from the lattice by multiplication and its inverses are, by their nature,
invertible — a chain that walks out from a node can be walked back to it, and closing the
loop is the proof that nothing was lost. Lambda is that principle wearing a protein coat.
The line becomes a ring and the ring becomes a line; the free virus becomes a prophage
and the prophage becomes a free virus; the sleeper wakes and, in another cell, another
lambda settles down to sleep. Nothing is created and nothing destroyed in these
passages — dΣΤ=0, the conservation law, worked out as the daily business of a virus.
The genome that can close its own circle is a genome built to conserve, and to reverse,
the operations by which it lives.

SECTION 14.11

The Ancestor of Every Decision
Gather the threads, because lambda is more important than its size suggests. Here,
in the simplest self-replicating thing that carries a choice, are all the pieces of a
decision: two possible outcomes, each stable; a mechanism that commits to one and
holds it; a memory that keeps the commitment; and a trigger that can, on the right
signal, throw the commitment over to the other. Strip any living decision down to its
logical bones — a cell choosing to divide or to rest, to become one tissue or another,
to live or to die — and you find this same skeleton. Two attractors, a latch, a
memory, a trigger. Lambda is where biology first laid that skeleton bare.

In the reading of this book, the reason the skeleton recurs is that it is the field’s own
way of making a choice at any scale. A decision, in the Force of Time, is a coordinate
settling into one of a small set of allowed states and holding it — and holding requires
exactly the self-sustaining feedback that lambda’s repressor shows. The virus is not a
curiosity off to the side of life; it is the molecular ancestor of choice, the first place the
field is caught teaching a single address to carry a bit and defend it. Every switch in the
chapters to come — and the far grander switches that build an embryo, or fire a thought
— is this one, multiplied and wired into circuits. When we later watch a cluster of
address-selectors lay out the body of an animal, or a bacterium remember which way it
last swam, we are watching lambda’s flip-flop grown up. The bit came first, and a virus
was carrying it.
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SECTION 14.12

Why This Should Matter to You
You are, at this moment, a standing library of thrown switches. Every cell in your
body holds the same genome, and yet a cell of your liver and a cell of your bone
could hardly be more different — because each has settled a great bank of switches
into one pattern and holds it, division after division, exactly as a lysogen holds its
sleep. What makes a liver cell stay a liver cell is not a hand upon it but its own
maintained state: a set of addresses holding their own gates open, remembering
what they are. The principle lambda showed in one bit is written across the whole of
you, in the millions of bits that keep your tissues distinct and stable through a
lifetime of renewal.

And it matters, too, where the latch fails or is turned against you. Some of the viruses
that trouble human life — the ones that cause cold sores, or chickenpox and its later
shingles, or the long silence of certain infections — do exactly what lambda does: they
fold into a cell and sleep, held in a lysogen-like latch, until a signal wakes them. To
understand lambda’s switch is to understand the logic of viral dormancy and of every
attempt to keep such a virus asleep, or to wake and clear it on purpose. And when a
cell’s own maintained state slips — when the switches that told it to stay still are lost,
and it remembers, wrongly, that it should divide without end — that failure has a name
we will come to in the last chapter of this book. For now hold only this: life runs on
latches, not on hands; the field endures by holding its own coordinates; and a small
virus, three billion years ago, showed how a single thread of matter can be taught to
remember, and to change its mind.
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The Numbers at a Glance
The parts of the switch, and the reading the Force of Time gives each. Every biological fact is left
exactly as measured.

Part of the switch What it is The Force of Time reading

Genome length 48,502 base pairs, linear in the
particle

one Τ-address, closed to a ring in the
cell

cos ends 12-base complementary overhangs self-complementary ends — a
reversible, invertible operation

Particle density 1.5 — the mean of DNA (1.7) and
protein (1.3)

a halfway value: the address between
its two materials

Genes held in sleep three the minimal self-sustaining address —
lattice prime 3

The operator OR three sites: OR1, OR2, OR3 one contested gate with three
lattice-prime footholds

CI vs Cro same sites, opposite order, opposite
fate

two couplings meeting at one address
— a flip-flop

CI autoregulation the repressor switches on its own
promoter

a fixed point — the address holding its
own gate open

Spontaneous loss ~1 in 106 doublings memory kept for a hundred
generations

Induction trigger RecA cleaves CI on host DNA
damage the switch tied to the host’s Τ-integrity
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